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ABSTRACT

The neutralization of shellfish poison by 11 chemical disin~-
fectants was studied. Both sodium hypochlorite and calcium
hypochlorite were effective in neutralizing the toxicity of
the poison at 3 ppw/ug of poison at room temperature (25 C) and
at 4 ppu/ug of poison at 4 C. Alkali in the hyp.chlorite
solutions tends to enhance the effectiveneas of these
disinfectants.

Potassium psrmanganate was effective as a poison neutralizer
at 50 ppm/ug of poison at 25 C.

Sodium hydroxide, ethylene oxide, beta-propiolactone, Lysol,
forualdehyde, iodine, peracetic acid- and Roccal were not as
effective as the hypochlorites and the permanganate.
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I. INTRODUCTION*

Paralytic shellfish poison has long been known to be towic for man.
Ingestion of as little as 1 mg of the purified poison may be fatal.®#?
Because there is no known antidote, working with the concentrated material

is not altogether withou* hazard.

Heating the poison in an autoclave at 20 psig (121 C) for 24 hours
has no effect on its texicity. The neutralizing effect of chemicals has
not beeu thoroughly studied, although Brazis et al.,® evaluated the
stabiiity of the poison in the presence of chlorine dioxide and free
available chlorine. They found that more than 2937 of the poison (4.7
mg/liter) was destroyed within 2 hours, but free available chlorine had
no erfect.

The present study is an attempt to find a practical decontaminating

agent for use in the laboratory that will neutralize the poiscn upon
contact. Eleven common chemical disinfectants were tested.

IT. MATERJALS AND METHODS

A. TEST CHEMICALS

1) Sodium hydroxide (NaOH) at C.01, 0.05, and 0.3%

2) Sodium hypochlorite (NaOC1) at various concentrations
3) Calcium hypochlorite [Ca(0C1l)5] at various concentrations
4) Iodine (I,) at 0.5% in 1.57% KU solution

5) Formaldehyde (HCHQO) at 0.5%

6) Beta-propiolactone (BPL) at 1%

7) Roccal at 1%

8) Lysol at 5%

9) Peracetic acid at 1%

10) Potassium permanganate {(KMnO4) at 0.01, 0.05, and 0.17%
11) Ethylene oxide gas at 12 g/ft3

B. SHELLFISH POISON

Unless otherwise mentioned, the reference standard purified shellfish
poigon at 100 pg/ml in 0.1 N KC1 containing 207 ethanol was used throughout
the tests. Distilled water was used as the poison diluent. The poison
was originally isolated from Alaska butter clams by Dr. Schantz.

* Thie report should not be used as a literature citaticn in material to
be published in the open literature. Readers interested in referencing
the information contained herein should contact the author to
ascertain when and wvhere it may appear In citable form.



C. EXPERIMENTAL PROCEDURES

The method for testing each disinfectant against the shellfish poison
was essentially the same. A known amount of disinfectant at a known con-
centration was allowed to react with a2 known amount of poison for a certain
time. In discussing results, this mixture hereafter is reforred to as the
"test solution(s).” The ratio of disinfectant to shellfish poison was
either 9:1 or 1:1 by volume, and the exposure time varied from 1 minute
_to 16 hours, depending on the chemical being tested. At the end of the
exposure period, the disinfectant was neutralized if possible. Then the
final solution was adjusted to pH 3.0 with the 1.0 or 5.0 N HC1l, and 0.4
mi of this acidified sclution was inoculated intraperitoneally into mice
(18 to 22 g). Because one mouse unit* iz equal to 0.183 ng of purified
shellfish poison, with a2 ratio of disinfectant to shellfish poison of
8:1, an inoculum of 0.4 =l contained 4 pg of poison or 22 mouse units.

At a 1:1 ratio, 0.4 ml of the inoculum contained 20 ug of poison or 109
mouse units. Reduction of toxicity of the poison was based on the number
of mouse units present in the inoculum. Four mice were inoculated per
test. Survival of the inoculated mice was considered ar indication that
the poison was inactivated. Detajils of the tests with each disinfectant
are described separately., Unless otherwise mentioned, all tests were
condnctad at room temperature (25 C).

ITI. EXPERIMENTS WITH TEST CHEMICALS

A. SODIUM HYDROXIDE
1. Test Procedure

Into a 100-ml beaker containing 9 ml of the 0.01% NaOH solution,
1.0 ml of the diluted (10 ug/ml) shellfish poison was added and mixed
thoroughly. The mixture was allowed to react for 1, 4, or 24 hours.
Then 2-ml aliquots of the mixture were pipetted out and neutralized drop-
wise with 5 N HC1 to pH 3.0. The acidified solution was inoculated into
the mice.

A volume of 10 ml of the 0.01% NaOH soluticn acidified to pH 3.0
was used as the NaOH controls. TFor the poison controls, a 1:99 dilution

of the poison was used.

Cimflar tests were conducted with the 0.05 and §.37 NaOH solutioms.

' mouse unit is defined as the amount of poison that will kill a 20-g
e in 15 minutes.



2. Results

Results are given in Table 1. From the median death time of the
mice, the number of mouse units contained in the inoculum was determined
from Sommer's tables. These tables are based on graphs recordad in the
literature® and are also found in the irnterim plan issued by the Public
Yealth Service.® Tha tables provide the death-time:mcuse -unit relation-
shipe for paralytic shellfish poison. In terms of mouse units, it was
calculated that approximataly 53% of the poison was destroyed by the C.37%
N2UH solution in 24 hours. The results tend to confirm the finding by
Schantz et al.,® who noticed a slow decomposition of the pcison when
purificaticn was carried out in alkaline solutions, especially at pH
values gre~ter than 8 or 9.

TABLE 1. EFFECT OF NaOH ON SAELIFISH POISONQ/

Approx. Contact

pH of Time, Mortaligy Poison Iractivation,

NaCH, % Mixture hours of Mice—~ Concn& %
0.01 5.2 1 Gi4 (4:18) 5.80 2
0.01 9.2 4 4/4 (4:40) 5.20 12
0.01 9.2 24 4/4 (4:20) 5.65 4
0.05 11.5 L 4/4 (4:42) 5.02 15
¢.05 11.5 4 L/4 (4:40) 5.20 12
0.05 11.5 24 414 (4:40) 5.20 12
0.3 12.3 1 4/4 (4:08) 5.80 2
0.3 12.3 4 4/4 (4:21) 5.65 4L
0.3 12.3 . 24 4/4 (10:15) 2.75 53
0.01 Control _ 0/4

0.05 Control 0/t

0.3 Contrcl 0/4

Shellfish poison control L4 (4.12)

{1:99 dilution)

a. Concentration of shellifish poison in test solution was calculated to
be 5.90 mouse tnits/ml prior to the test.

b, Number dead/number tested (average mirutes:seconds tc death).
Concentration of shellfish poison in test solution after test,
mouse unit/ml.

In cne of their studies on the chemical proparties of the shellfish
poison, Schantz and his co-workers” also noticed that the poison was slowly
oxidized by exposure to air in alkaline solution. By ultraviolet absorp-
tion, these investigators followed the reacticn to its completion. They
found that, with 1 N {47) NaOH solution, 4 days were required for the
reaction tc be completed when 0.5 ml of the poison (4.31 mg/ml) was mixed

with 9.5 ml of the alkaline solution at room temperature. Six dayvs were
needed if 0.5 N (2%) or 0.25 N (1%) were used.



B. SODIUM HYPOCHLORITE

The NaOCl used in these tests* contains 10% NaOCl by weilght. Chemical
analysis indicated that it contained 10% available chlorine at the time of
the test. The hypochlorite was stored at 4 C to retard decowposition. A
fresh solution was prepared for each test. Fresily prepared solutions of
scdium thiosulfate (NapS903-5H90) at various concentrations weu2 used as
the NaOC1 neutvralizer.

1. Experiment 1 with Sodium Hypochlorite
a. Test Procedure

One milliliter of the shellfish poison was added to 9 ml of
0.5% NaOC1 soluticn in a2 test tube., The solutions were mixed thoroughly.
After 15, 30, and 60 minutes, 2-ml aliquots of the mixture were removed
and neutralized with 0.2 ml of 10% NapS903:5H20 solution. The neutralized
solution was acidified to pH 3.0 with 1 N HCl before injecting intc the
mice,

Twc milliliters of the 0.5% NaOC1l solution neutralized with
0.2 ml of the 107 Naj;S,04°5H,0 were used as the NaOC1 control. Two
milliliters of the 1:9 dilution of the shellfish poison treated similarly
with the 107% Na2S903-5H20 were used as the poison control.

b. Results

None of the mice died from either the test solutions or from
the NaOCl controls. - All the mice from the poison-control group died, and
the median death time of 1 minute and 40 seconds indicated a 55% loss of
toxicity of the poison. Thirz loss is probably due to the salt effect of
the NajS503-5H,0 solution. Schentz et al.,® who studied this salt effect,
found that the presence of NaCl ir the reference standard at 0.5 and 1.0%
lowered the recovery of the poison to €9 and 55%, respectively. Wiberg
and Stephensun,® in their toxicologic studies on paralytic shellfish poison,
found that the toxicity of the polson in mice is lewered by the presence of
NaCl in the injection medium.

2. Experiment 2 with Secdium Hypochlorite
a. Test Procedure

The results of the first experiment indicated that a rapid and
complete neutralization might be cbtained with a higher relative concentra-
tion of Na0C1l. To determine the optimum mixture, a series of tests was
conducted using concentrations of NaOCl sotutions ranging from 0.001 to
0.05%. Two sets of tests were conducted: one set with a ratic of NaOCl
to shelifish poicon of G:1 (v/v) and another with a ratio of NaOCl to
shellfish poison of 1:1 (v/v). In the latter set of tests, 5 ml of the

“ Mnnufactured by Du- Rite Chemical Co., 3800 37th Place, Brentwood,
Marvland 20722.
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poison and 3 ml of the desired NaOC1 solution were used per test, The
contact times in these tests were 1, 15, and 30 minutes. The amourts

and concentrations of Naj5904°-5H;0 solution used to neutralize the
various concentrations of NaOCl solutiors were adjuated according to

the concentration of the NaOCl in each test. Solutions of NaOCl at 0.005
and 0.057 neutralized witi the Naj59053+5H70 solutions ware used as the
NaOC1l controls. Shellfish poison diluted with distilled water at 9:1

and 1:1 dilutions treated similarly with the thiogulfate solutions were

used as the ponison contrel.

b. Results

The results of these two sets of tests (Table 2) show that
NaOCl at concentrations of 0.003 and 0.03% inactivated 10 and 100 pg of
shellfish poison, respectively. None of the concentrations of Na,;3504°5H0
used in these tests affected the toxicity of the shellfish poison.

3. Experiment 3 with Sodiur Hypochlorite

a. Test Procedure

To trace the end point of inactivation a little further,
arother set of tests was conducted using solutions of NaOC1l between 0.025
and 0.03% The ratio of Na0Cl to shellfish poison was 1l:1 {v/v) and the
contact time 15 minutes. OCnly one contact time was studied in order to

conserve the poison supply.

b. Results

Results appedar in Table 3. Complete inactivation of the poison
was not achieved in 15 minutes when the concentration of NaOCl was below
0.03%. However, in one test ir which the contact time was increased to
30 minutes with the 0.029% NaOC}l solution, none of the inoculated mice
died, but the mice remained i1l fur & hours immediately sfter the inccula=

tion. These tests indicated that the threshold for complete inactivation
lies between the 0.029 and the 0.037% NaOCl solutions.

4. Experiment 4 with Sodium Hypochlorite

&. Test Procedure

On the pasis of preceding results, it appeared that the minimum
concentration of NaCCl needed for complete inactivation under the above
test conditions was 3 ppm/ug of poison. To prove the validity of these
findings. another set of tests was conducted based on the 3:1 ratio
(3 ppm/ug). Solutions of shellfish pnison and of NaOCl were prepared in
various concentrations so that, when the two sclutions wvere mixed together
at a ratio of 1l:1 (v/v), they contained 3 ppm of NaOC1l/ug of shellfish

poison.
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TABLE 3. TINACIIVATION OF SHELLFISH POI§ON WITH NaOCl;
RATIO OF NaOC1 TO SHELLFISH POISON®' 1:1 (v/v);
CONTACT TIME, 15 MINUTES

Approx.
NaoOC1, pH of Mortaligy Poioo7 Inactivation,
b4 Mixture of MiceX Concn& 4
0.025 4.5 474 (1:00) 273 0
0.026 4.5 474 (1:45) 26 90
0.027 4.5 4/4 (3:50) 6.6 97
0.028 4,5 4/4 (4:15) 5.8 98
0.0629 4,5 4/4 (7:00) 3.5 99
0.03 5.0 0/4 0 100

a, Concentration of shellfish poison in test sclution was
calculated to be 273 mouse units/ml prior to the test.

b. Number dead/nuaber tested (average minutes:seconds to death).

¢. Concentration of shellfish poison in test solution after the
test, moume unit/ml.

In this particular series of tests, the shellfish poison was
condensed to half its volume to obtain a concentration of 200 ug/ml. The
condensation was accomplished by evaporation. A beaker containing 10 ml
of the poison was placed in a ventilated cabinet; the contents were
allowed to evaporate at room temperature to half the original volume., The
blower was turned on to facilitate evaporation. The condensed shellfish
polson was diluted with distilled water to the desired concentrationm,
Mouse assay of the condensed poiscn indicated that the toxicity was not
affected by the evaporation process.

b. Results

Results are shown in Table 4. These tests clearly demonstrated
that a complete neutralization of the shellfish poison occurred under the
above test conditions as long as the concentration of NaOCl was maintained
at 3 ppm/ug of poison., Furthermore, the amount of NaOCl required to

neutrajize a given amount of poison is directly proportional to the
concentration of the poison,

5. Experiment 5 with Sodium Hypochlorite
a. Test Procedure

To determine the effect of law-temperature on the efficacy of

the hypochlorite., another set of tests was conducted at 4 C. The procedure

was similar to that previously described with the exception that the reactim
between NaOCl and shellfish poison was carried out at 4 C. Both solutions
were cooled t~ 4 C before mixing, and the contact times were 15 and 30

minutes. Two sets of tests were conducted with ritios of NaOC1 to shellfish
poison of 9:1 and 1:1 (v/v).
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TABLE 4. INACTIVATION OF SHELLFTSH POISON WITH Naoc1;2/ RATIO
OF NaOC! TO SHELLFISH POTSON 1:1 (v/v);
CONTACT TIME, 15 MINUTES

Poison  Approx.

NaOC1, Concn, pH of Hortauty Poison Poison Inactivation,
% ug/ml Mixture of Miced Concn& Conend/ %
0.006 20 4.0 /4 S4.6 0 100
0.012 40 4.0 0/4 109.2 0 100
0.018 &0 4.5 0/4 163.8 0 100
0,324 80 4.5 0/4 218.4 0 100
(.03 100 5.0 0/4 273.0 0 100
C.036 120 5.0 0/4 327.6 0] 100
0.042 140 5.0 0/4 382.2 0 100
0.042 160 5.0 0/4 438.8 0 100
9.054 180 5.0 o/4 491.4 0 100
0.06 200 5.0 0/4 546.0 0 100

a, Concentrations of NaOCl and poison were based on the 3:1 ratio
(3 ppm/ug).

b. Number dead/number ested (average minutes:seconds to death).

¢. initial concentration of shellfish poison in test solution, mouse
unit/ml.

d., Drinal concentration of shellfish poison in test golution, mouse
unic/mi.

b. Pesulta

Ag summarirzed in Table 5, this experiment showed that a minimum

of 4 pom of NaOC1 was required to neutralise ! nug of pofson at 4 €. Tabla 5

shows that, at & C, complete inactivation of the poison did not occur in a

test solution containing 3 ppm of NaOC1/ug of poison, even though the contact
time was extended to 30 minutes.

6. Experiment 6 with Sodium Hypochlorite
a. Test PFProcedure

A test procedure gimilar t. that described earlier in this report
was ised ito conduct another set of tests with NaOCl in the presence of
sodium hydroxide (NaOH) solutions to determine the alkaline effect on the
hypochlorite. The ratio of NaOCl to shellfish poison was 9:1 (v/v), and
the contact times were 15 and 30 minutes. The alkaline solutions used in
these tests were 0.01; 0.005, and 0.001% NaOH with pH values of 10,7,

10.4, and 9.7, respectively. The NaOCl was diluted with the above
alkaline solutions to a desired concentration,
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b. Results

Table 6 shows that Na H had a marked effect on the efficacy of
the hypochlorite. A test solution containing 2 ppm of NaOCl was sufficient
to neutralize 1 pg of poison when the solution contained 0.001% NaOH. When
the NaOH was increased to 0.005%, a concentration of 1 ppm of NaOCl was
sufficient to achieve completa neutralization.

C. CALCIUM HYPOCHLCRITE

The Ca{0OC1), used in these tests* contains 70% Ca(001)2 and 307 inert
insredients. The percentage of Ca(0C1); used in these tests was calculated
on the 70% base., A stock solution c¢f 0.7% was prcpared and stored at 4 C.
Chemical analysis of the Ca(0Cl); at 0.7% indicated that it contained 0.67%
available chlorine. Distilled water was used to dilute the chemical to a
desired concentration. A freshly prepared solutior was used for each test.

Solutions of MNa)S904:5H)0 at various concentrations were used as the
Ca(0C1) 2 neutraiizer,

1. Test Procedure

In this series of tests, attempts were made to compare the efficacy
of Ca(OCl)5 with that of NaOC1 on the shellfish poison. For this reason
the procedure used for the Ca(0Cl); tests was similar to that of the NaOCl
tests, Tests were conducted at & and 25 C and in the presence of alkaline
solutions.

2. Results

Tha results summarized in Tables 7 to 9 showed that 1 ug of poison
was destroyed by this chemical at concentrations of 3 p,a at room temperature
(25 C) aad 4+ pym ar 4 C, With the presence 0of 2n alkall, s 1 ug of poilsor
was neutraiized by this chemical at concentrations of 2 ppm when the test
solution contained 0.001% ¥aDH and of 1 ppm when the concentration of NaOH

was 0,005%. )

Tables 10 and 11 show that the efficacy of Ca(DC1l)2 as a poison
neutralizer is comparable to that of NaOC1l in all respects.

D. IODINE, FORMALDEHYDE, BETA-PROPIOLACTONE, ROCCAL, LYSOL, AND PERACETIC
ACID

1. Test Procedure

Into a test tube that contained 5.4 nl of the disinfectant, 0.6 ml
of the shellfish poison was added and mixed thoroughly. After 15, 30, and
60 minutes, 2 ml of the test solution were removed and acidified to pH 3,0
with the 1 N or 5 N BC1 before injection into the mice.

* Produced by Omega Chemicai Corp., New York 17, N.Y.
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TABLFE 7. INACTIVATION OF SHELLFISH POISON WITH CG(OCl)z;
RATIO OF Ca(OCl)z TO SHELLFISH POISON,ﬁI 9:1 (v/v)
Approx. Contact
Ca(0C1),, pl of Time, Temp. Horta]igy Poison Inactivation,
% Mixture minutes o of Mice= Conen& %
0.004 4.5 15 25 0/4 0] 100
0.003 4.5 15 25 0/4 0 100
0.002 4.5 15 25 4/4 (2:46) 10.6 84
0.004 4.5 30 25 0/4 o 100
U.00s 4.y 20 25 0/4 0 100
0.002 4.5 30 25 4/4 (3:37) 7.2 89
0.004 4.5 15 4 0/4 0 100
0.003 4.5 15 A 4/4 (4:00) 6.2 90
0.004 4.5 30 4 0/4 0 100
0.003 4.5 30 4 4/4 (4:07) 6.1 91
0.004 Control 25 0/4
Shellfish poison control 25 4/4 (1:20)

(1:9 dilution)

a. Concentration of shellfish poison in test solution was calculated to be
66 mouse units/ml prior to the test, )

b. Number dead/number tested (average minutes:econds to death).

c. Concentration of shellfish poison in test solutfon after the test,
mouse unit/ml.

TABLE 8. TNACTIVATION OF SHELLFISH POISON WITH Ca(0C1));
RATIO OF Ca(0C1), TO SHELLFISH POISON,2/ 1:1 (v/v)

Approx. Contact

Cai{cc 1_‘:2, pi of Time, Temp, Moriaiii Foimon Inaciivagion;
% Mixture minutes c of Micel: ConenS/ %
0.04 4.5 15 25 0/4 0 100
0.03 4.5 15 25 0/4 0 100
0.02 4.5 15 25 4/4 (3:10) 8.6 97
0.04 4.5 a0 25 G/4 0 100
0.03 4.5 30 25 0/4 0 100
0.02 4.5 30 25 4/4 (5:20) 4.5 98
0.04 4L S8 15 4 o/4 0 100
0.03 4.5 15 4 0/4 (111 for 0 100
4 hr)
0.04 Control 75 0/4
Shellfish poison control 25 4/4 (1:00)

(1:1 dilution)

8. Concentration of shellfish poison in test solution was caleulated to be
273 mouse units/ml prior to the test.

b. Number dead/number tested (average minutes:seconds to death).

¢. Concer’ ration of sheliifish poison in test solution after the test,
mouse nig/ml. )
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Tn the 1 test, 0.2 ml of the 10% Nn28203°5H20 was used as th:» I, V

. In the Roccal itest, the rest solution waa neutraiized w:th
. 10% famol N soclution (Tamol N Is a neutral salt of a condensed !
aryl sultonic acid). In the peracstic acid test, 2 droprs of KMn0O; (3%)
and 0.2 ml of the 307 Ma2570G3->H20 were added to the test solution before
adjusting it to pH 3.0 and Iinoculating it into mice.

Three sets of controis were used in these :ests. One group of . :
mice was inoculated with 0.4 ml of the diesinfectant to eerve as the E !
disinfectant control; annther group of mice wa3 inoculated with 0.4 ml of :
the 1:9 dilution »f thz polson to use as the poison control. The third Poe
group of mice was lnoculated with the 1:9 dilution of the poison that was ‘
simi larly treated with the dieinfectart neutralizer. The results of these : :
tegts are showp in Table 12. . j

2. Results ' i

Data from che controls indicated that 477 of the toxicity of the
poison vas desiroyed by the I, neutralizer; 827 of the toxicity was ! 1
destroyed by the Roccal neutralizer; 857 of the toxicity was destroyed :
by the peracetic acid neutralizers. This loss of toxicity was probably
due to the salt effect of the Tamol W and the thiosulfate solutions.
When the poison was treated with rhe peracetic acid neutralizers, the : i
onidizing action of the KMu', might have caused most of the poison '
destruction. For this reason, u test with KMaQO; was conducted.

E. POTAS-IUM PERMANGANATE
1. Test Procedure ; ;

Two-tenthy milliliter of the shellfish nofson wae added to 2 rest
tube that contained 1.8 ml of the 0.1% KMnC,; solution. After 15 minutes i
of contact time, the teat solution was acidified with 5 N HC1 o pH 3.0,
and 0.4 m] of the solurior was fnocculated into the mice. The same pro-

cedurs was repeated with the 0.05 and 0.01% KMnO,; solutions.
2. Reaults

From Table 13 it is apparent that the poison was completely
neutToiized with the 0.1% KMnO; solution. The fact that all the mice
injecied with the tesi solution containing 0.05% KMnG; <1d not die but
were £11 for 4 hours indicated that the end point for complety inactivation
lies between the 0.05 and the 0.1% KMnO; concentrations. Further study
on the insactivziiou of shellfish poison with K¥MnO,; was not possible because
of the lack of shellfish poison.
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TABLE 13. IRACTIVATION OF SHELLFISE POISONQ/ WITH KMnO,; RATIO OF KMnOy
TO SHELLFISH POISON 9:1; CONTACT TIME, 15 MINUTES

Approx.

KMnO,,, pH of Mortalit Poison Inactivation,

% Mixture of Mice= Concn&/ %
0.1 5.0 0/4 0 100
0.05 4.5 0/4 (111 for 0 100

4 hr)

0.01 4.0 474 (1:41) 30 46
0.1 Control C/4
Shellfish poison control 476 (1:20)

(1:9 dilution)

a. Concentration of shellfish poison in test solution was calculated
to be 66 mouse unita/ml prior to the test.

b. Nuwmber of deaths/number tested (average minutes:seconds to death).

¢. GConcentration of shallfish poison in test solution after the test,
mouse unit/ml,

F. ETHYLENE OXIDE
1. Test Procedure

Two 30-ml beakers, one containing 0.5 ml of shellfish poison and
the other 0.5 ml of distilled water, were placed into a carboxyclave. The
distilled water served as the ethylene oxide control. A vacuum was drawn
until the pressure in the carboxyclave was down to -17 pounds. Then a
can of sthylens oxvide mivture {AN0 g) conraining 127 ethylene oxide, 44%
dichlorudifluoromethane, and 447% trichlorofluoromethane was introduced
into the carboxyclave. The concentration of ethylene oxide inside the
chamber was approximately 12 g/ft3. The shellfish poison and the distilled
watar were exposed to these gases for 16 hours. At the end of the exposure
period, the heakers were removed from the carboxyclave and exposed to the
air for 24 hours to allow evaporation of ethylene oxide from the beakers.
Because all the iiquids in the beakers were evaporated, 5 ml distilled
water were added to each beaker to reconstitute the solution. The zolu-~
tions were shaken thoroughly and adjusted to pH 3.0 with 1 N HC1l before
inoculating into mice. Four mite inocuiated with G.4 mi of the 1:5
dilution of the shellfish poison were used as the shellfish poison controls,

2. Resulte

None of the ethylene oxide control wmice died, All mice inoculated
with the shellfish poison that was expcosed to the ethylene oxide died in
1 minute 29 seconds, indicating that 387 of the poison was inactivated by
this chemical. All the shellfish polson control mice died in } minute
20 seconds.
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G. COMPARATIVE E¥FECT OF TEST CHEMICALS

The comparative effect of all the test chemicals on shellfishk poisom
is given in Table 14. The chemicals are listed in descending order of
effectiveness.

Table 14 shows that, of the chemicals tested, calcfum hypochlorite,
sodium hypochlorite, and potassium permanganate were the most effective
in neutralizing the toxicity of the poison. Both calcium hypochlorice and
sodium hypechlorite were 1007 effective at concentrations of 0.003%.
Potassium permanganate was effective at 0.05%. Sodium hydroxide was

effective at 0.3% but required 24 hours to pgoduce a 53% inactivation.
Ethylene oxide at a concentration of 12 g/ft~ was 318% effective after 16 :
hours. After 1 hour of exposure, beta-propiclactone was 227 effective at
1%. Lysol was 16% effective at 51. Formaldehyde was 9% sffective at
-l

0.5%. Iodine was 7% effective at 0.5%. Peracetic acid was 5% effective 3
at 1%. Roccal at a 1% concentration had no effect on the poismon.

TABLE 14. COMPARATIVE EFFECT OF TEST CHEMICALS ON SHELLFISH FOISON;
RATIO OF CHEMICAL TO POISON, 9:1 (v/v)

Concn of Contact

Chemical, Concn of Poisonm, Time, Inact.,
Chemical % mouge unit/ml minutes % i
Calcium hypochlorite 0.003 66 15 100
Sodium hypochlorite 0.003 66 15 100 i
Potassium permanganate 0.05 66 i5 100
Sodium hydroxide 0.3 ] 5.9 1,440 53
Ethylene oxide 12.0 (g/ft3) 66 960 38
Beta-propiolactone 1.0 68 60 22 }
Lysol 5.0 66 60 16
Formaldehyde 0.5 66 60 9
Todine 0.5 66 60 7 < 3
Peracetic acid 1.0 66 50 5
Roccal 1.0 66 60 0
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IV. DISCUSSION

The chomistry of shellfish poison has been studied extensively by
Schantx, Mold, McFarren, and their co-workers. Studies by Schantz et al.”
heve shown that the poison can be destroyed either by oxidation or reduction,
By using hydrogen gas as a reducing agent in the presence of a platinum
catalyst (Mcld et al.), and Ba(CH); exposed to the oxygen of the afir
(Wintersteiner et al.,), other inveastigators demonstrated that the destruc-
tion of shellfish poison was directly proportiomal to the H, or O, uptake.

Because the poison 1s susceptible to oxidation, it i{s not too surprising
to find that it is inactivated with NaOCl, Ca(0(1l)3, or KMnO4 because all
these chemicals are atrong oxidizing agents. Through the process of oxida-
tion, the poison molecule 1is broken up into fragments and becomes nontoxic.
Producte such as guanidoprcpionic acid, urea, ammonia, carvon dioxide, and
guanidine were isolated and identified by Schantz et al.” when the poieon
was treated with periodate and permanganate or strong acid hydrolysis.

Tt is interesting to note that Ca(0Cl);, even though it contains 15%
less free aveilable chlorine than NaOCl at any given concentration, is
just as effactive againat the shellfish poison as NaOCl under any of the
above test conditions. This fact suggests that the amount of free avail-
able chlorine present in che hypochlorite haa little or no effect on the
shellfish poison, but rather it is the amount of available oxygen in the
hypochlerite that plays a vital role in the destruction of the shellfish
polson. Brazis and co-workers® also found that free available chicrine
at 2 mg per liter had little or no effect on the toxicity of the shellfish
poison when 4.7 mg of shellfish poison were exposed to this concentration
of free avallable chlorine at pH 7.0 and 25 C for 2 hours.

Both sodium hypochlorite and calcium hypochlorite are effective as
shellfish poison neutral gers at 25 and 4 C. Jones, Hoffman, and Phillips!®
have also shown that NaOCl remains very effective as a disinfectant against
Bacillus subtilis var. niger spores, even at subzero temperatures. At 25 C,
a minimm concentration of 3 ppm of sodium hypochlorite or calcium hypo-
chlorite is required to neutralize 1 ug of shellfish poison in 15 minutes.
Furthermore, the amount of hypochlorite required to neutralize a given
amount of shellfigh poison is directly proportional to the concentration

" of the poison (Table 4). Instantaneous inactivation could ocecur if a
higher concentration of hypochlorite were used.

At 4 C, the amocunt of hypochlorite required to inactivate 1 ug ~f
-shellfish poison appears to be 4 ppm.

The presence of alkali in the hypochlorite solution tends to enhance
the effectiveness of this disinfectant. A concentration of 1 ppm is
sufficient to neutralize 1 ug of shellfish poison if the hypochlorite is
prepared in 0.005% NaOH solution or 2 ppm L{f it is prepared in 0.001% NeOH.

KMnO; is not as effective as hypochlorite, It requires approximately
S0 ppm to neutralize 1 ug of shellfish poison.

2.4
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Both sodium hypochlorite and calcium hypochlorite are ipproximately 17
times as effective as potassium permangsnate.

Other disinfectants such as sodium hydrozidc,'nthylanc oxide, beta-
propiolactcne, Lysol, formaldehyde, Lodine, peracatic acid, and Roccal
are not as effective as the hypochlorites and the potassium permanganate.
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“fhe neutraliration of shellfish poison by 11 chemical disinfectants was studied.

Both sodium hypochlorite and calcium hypochlorite were effective ir neutralizing the

toxicity of the poison at 3 ppm/ug of poison at room temperature (25 C) and at ’

4 ppm/ug of poison at 4 C. Alkalin the hypochlorite solutions tends to enhance

the effectiveness of these disinfectanpts. L
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Potasslun petwankandie was eifective as a poimon neurraliger at b ppx/ug of &

'\
N
Sodium hydroxidexethylene oxide, beta-propioclactone, Lyscl, formaldehyde,

fodine, peracetic acid, and Roccal were not as effective as the hypochlorites
and the parmanganate.
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